In the case of people, the answer clearly has a lot to do with what gets plunked down on the dinner table. For fundamental particles, however, the answer has never been obvious. In fact, it's so mysterious that the brightest physicists have been scratching their heads for decades trying to figure it out. "The problem of mass," says Lawrence Hall of the University of California, Berkeley, "is the most important outstanding problem of particle physics today." But some recent work may give at least partial relief to these frustrated physicists. And the surprising answer may be that particles, like people, have different appetites! Or, to put it another way, they get treated rather differently at the lies of particles, you wouldn't know where they stand in the pecking order-they're identical except for mass (see table) . Each includes two quarks, particles that feel the strong force that binds the atomic nucleus, and two leptons, particles such as the electron. Leptons respond to other forces, such as the weak force involved in radioactivity and the more familiar force of electromagnetism. Because of the differences in mass, only the first, lightest particle family is found in ordinary matter. Particles of the other two families, being far more massive, are unstable. Some make fleeting appearances in cosmic rays or in particle accelerators; others haven't been seen since a small fraction of a second after the Big Bang, 10 billion or 20 billion years ago.
But that's just where the trio aimed their effort to try and make sense of the pattern among the masses. Looking back to the universe's fiery beginning may seem an awfully round-about way to understand the masses seen today. It seems even stranger when you realize that, back then, particles didn't have the same masses as they do now, for obscure quantum-mechanical reasons. But the approach actually has certain advantages. For example, it's thought that just after the Big Bang the strong, weak, and electromagnetic forces were "unified" into one force.
More to the point, the particles affected by these forces-quarks for the strong force, leptons for the other forces-were also related to each other. What test of a theory of mass could be more direct that its ability to predict the mass of an undiscovered particle? There's only one missing piece in the current picture of matter, the top quark, and experimenters at Fermilab and CERN are vying to find it and determine its mass. Hall and his colleagues predict that the top quark will weigh in at between 160 and 190 billion electron volts, approximately 200 times more than the proton. Unfortunately, says Dimopoulos, that mass would put the top quark out ofreach ofthe accelerators at both CERN and Fermilab as presently configured, and so the test could well be delayed until the Superconducting Super Collider comes on line-at least 6 years in the future.
Even when the top quark finally makes its entrance, it will provide just one point of reference. A far more rigorous test will come when physicists get a chance to check the theory's predictions about particle decays-specifically, the decay rates and products of the two-quark composites called B-mesons. Such experiments could be done at the proposed "B-factories," specialized accelerators that physicists hope to build in the near future (Science, 22 March 1991 , p. 1416 .
But the most immediate test of the scheme may come from a different decay-of the apparently immortal proton. Proton decay has provided an excellent test ofearlier theories: The so-called grand unified theories of the 1970s predicted relatively rapid proton decay, and when it didn't happen, the theories were set aside. The new theory, though, incorporates a modified grand unified theory that predicts slower proton decay, following a different route. If it's right, two proton-decay experiments-Icarus, in the Gran Sasso tunnel in Italy, and Super-Kamiokande in Japan-could see a proton decay "in the next 5 years," says Hall.
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